Summary.
An In the course of electron microscopic study on the sinusoidal cells of crab-eating monkey livers (TANUMA et al., 1983) , peculiar crystalloids were found in the cytoplasm of the sinusoidal endothelial cells in one of the animals examined. As far as we have searched in literature, no reports on the occurrence of crystalloids in the hepatic sinusoidal endothelium seem to be available. This brief note concerns the crystalloids detected in the sinusoidal endothelial cells of a crab-eating monkey liver.
MATERIAL AND METHOD
The biopsy specimens of hepatic tissue from four male adult (4-5 year) crab-eating monkeys (Macaca f ascicularis), weighing approximately 4 kg, were used, as in the previous study on the sinusoidal wall (TANUMA et al., 1983) . The animals were fed in the laboratory on solid monkey food supplemented by several kinds of fruit. Under general anesthesia and laparotomy the liver in situ was perfused via the portal vein with a cold (0°C) fixative containing a 0.1M phosphate-buffered 2.5°o glutaraldehyde (pH 7.4), then the liver was excised to be cut into minute pieces. After 2 hr immersion in the same fixative, they were rinsed several times in a cold 0 . 
OBSERVATIONS
As in many other species, the hepatic sinusoidal endothelial cell in the crab-eating monkey is composed of the perikaryon (cell body) and the cytoplasmic extension . The latter represents the major part of the sinusoidal lining and consists alternately of thicker portions (cytoplasmic processes) and fenestrated thinner portions , the so-called sieve plates (WissE, 1970; TANUMA et al., 1983) . The cytoplasm of the sinusoidal endothelium of the crab-eating monkey liver is strikingly rich in organelles.
Besides the Golgi complex accompanied by a diplosome , there occur small mitochondria, lysosomes, cisternae of the rough endoplasmic reticulum (RER), free polysomes, coated pinocytotic caveolae and vesicles , microtubules and filaments.
Especially characteristic of this cell are numerous macropinocytotic vacuoles (WissE, 1972) containing an electron dense material which partly fills them , and numerous smooth-surfaced curved tubules mostly filled with an electron dense material . These abundant organelles are for the most part located around the nucleus , but some, G olgi complex excluded, are also distributed in the thicker portions of the cytoplasmic extension; the thinner portions contain merely some microfilaments .
The crystalloids to be dealt with in the present electron microscopic study have been found only in one of the four livers and they have been demonstrated exclusively in the thicker portions of the cytoplasmic extension of the sinusoidal endothelium ( A cytoplasmic extension of the sinusoidal endothelium in the crab-eating monkey liver . A thinner (TN) and a thicker portion (TK) are shown . The thicker portion contains a polygonal type III crystalloid (K III), mitochondria (M) and a dilated cisterna (C) of the RER filled with a fine, fibrillar material.
H hepatocyte, MV microvilli of hepatocyte , PS Disse's space, SN sinusoid.
x 34,000 1). They have been completely missed in the perikaryon. The thicker portions, aside from containing the crystalloid , are always provided with cisternae of the RER as well as free polysomes and electron dense smooth surfaced tubules (SER). In addition, mitochondria are often found near the crystalloid (Fig. 1, 2a, b, 4) .
The configuration of the crystalloid is mostly polygonal. Noteworthily, it is always closely wrapped in a single membrane, which is connected at several points with the membranes of more than two cisternae of the RER in its neighborhood (Fig. 2a, b) . From these findings it may be concluded that the crystalloid would have developed within the cisterna of the RER, although its membrane sac is nearly smooth-surfaced, having lost the majority of studded ribosomes of RER.
The essential constituents of this crystalloid are fine round tubules, measuring 250-300 A in diameter and arranged in parallel.
At lower magnifications, each com- In a, a type II (K II) and in b, a type III (K III), crystalloid is shown in the thicker portion (TK) containing RER, free ribosomes (R) and a mitochondrion (M). Cisternae (C) of the RER communicate at several points with the nearly smooth-surfaced membrane sac (arrows) of the crystalloid. MV microvilli of hepatocyte, PS Disse's space, SN sinusoid. Crab-eating monkey liver. a: x 50,000, b: x 32,500 a b ponent tubule appears to be composed of an electron lucent interior and an electron dense wall (Fig. 3) . At a higher magnification, the latter is found in its turn to be composed of a number of prototubules measuring about 40 A in diameter which run longitudinally and are closely disposed around the wall (Fig. 3 inset) . The electron lucent interior appears to be filled with a finely granular matrix.
According to the grade of complexity in the configuration of the crystalloids, they may be classified into three types:
1) Type I crystalloid shows the simplest structure, namely, it consists exclusively of a compact bundle of densely packed parallel component tubules (Fig. 3) . As shown clearly in Figures 3 and 4 , it is enclosed by a closely fitted smooth membrane, which is in continuity with the ribosome-studded membranes of the RER cisternae.
The configuration of the type I crystalloids is often more or less rounded and not polygonal (Fig. 3, 4) . 2) In type II crystalloids, the electron lucent, finely granular matrix has increased within the membrane-bound sac of the crystalloid, so that the component tubules are kept apart by a matrix substance being arranged A type I crystalloid (KI) with a rounded configuration in a thicker portion (TK). Cisternae (G) of the RER are in continuity at several points with the mostly smooth-surfaced membrane sac (arrows) of the crystalloid.
F reticular fiber, MP microvilli of hepatocyte, PS Disse's space, SN sinusoid, TN thinner portion (sieve plate). Crab-eating monkey liver. x 50,000. Inset.
Higher magnification of a portion of the above shown type I crystalloid (transversely sectioned) which is composed purely of round component tubules approximately 300 A in thickness.
Each of them consists of the electron lucent interior and the electron dense wall which appears to be composed of circularly disposed prototubules.
x 200,000 regularly in two sets of the matrix layers as thick as about 250 A, which cross each other at right angles (Fig. 2a, 5 ). The electron lucent intervals between layers oriented in the same direction measure about 125 A in width and are filled with the matrix substance.
In each crossing matrix layer, component tubules are arranged at regular spacings about 450 A from center to center, being oriented parallel to one another. In a portion of the type II crystalloid in which component tubules are roughly cut longitudinally, the profiles of lengthwise sectioned prototubules are observed in the walls of component tubules (Fig. 6 ). In the type II crystalloid, the component tubules are thought to have become a little slender, as compared with those of the type I crystalloid.
3) The type III crystalloids, which are encountered in the present study at a higher frequency (Fig. 1, 2b, 7) , exhibit the most complex fine structure.
In them, the component tubules-containing two sets of the matrix layers each measuring about 200 A in thickness cut each other at about 70" (Fig. 7) . In the two sets of layers, the component tubules are arranged in parallel at regular spacing, about 350 A from center to center. The intervals between the component-tubules-holding matrix layers measure about 200 A in width. In this type of crystalloid the third likewise straight matrix layers measuring about 150 A in thickness and devoid of the component tubules appear running obliquely, grazing along the electron dense walls of each component tubule and cutting the first and the second set of matrix layers at respectively different angles. In this type of the crystalloid, circular electron lucent interstices appear for the first time between the three sets of matrix layers, which may be elongated along each component tubule to open into the membrane-bound sac of the crystalloid but never directly into the cytoplasm of the thicker portion of the sinusoidal endothelial extension.
In the vicinity of the crystalloid, there occasionally occurs a dilated cisterna of RER which is closely packed with a fibrillar material (Fig. 1) . It is, however, uncertain whether this may represent a precursor of the crystalloid. A type I crystalloid (KI) of a rounded configuration in the thicker portion (TK) of the cytoplasmic extension of the sinusoidal endothelium of the crab-eating monkey liver. It is encased in a closely fitted, nearly smooth-surfaced membrane sac (arrows A complex type II crystalloid which exhibits longitudinally sectioned component tubules at the site pointed at by the arrowhead.
A cisterna of the RER (C) is in continuity with the membrane sac of the crystalloid (arrow).
M mitochondrion. x 97,500 6 "SER -derived crystalloids" had already been reported by SISSON and FAHRENBACH (1967) in their electron microscopic study on the interstitial cells of the antebrachial organ of the ring-tailed lemur (Lemur catta), a highly differentiated cutaneous appendage composed of atypical apocrine sweat glands and clumps of large interstitial cells. These cells, probably endocrine in nature, had many similarities to steroid-secreting cells, containing extensive cisternae of the SER. They had demonstrated that the cisternae were continuous to the component tubules of the crystalloids. The crystalloids found by the present author in the hepatic sinusoidal endothelial cell of the crab-eating monkey were neither naked nor SER-derived. Their membrane sac was essentially smooth in surface but continued to the ribosome-studded membranes of the RER cisternae.
This finding suggests that substances synthesized by the RER may be involved in the formation of the crystalloids.
In the early stage of the application of electron microscopy to cytological studies, crystalloids were revealed in the plasma cell in a variety of animal species (W ELLENSIEK, 1957; THIERY, 1958; MOVAT and FERNANDO, 1963; etc.) . As well known, this cell possesses a highly developed RER, abundant cisternae of which densely fill the cytoplasm.
Several types of crystalloids found in the plasma cell have been found wrapped in a rough-surfaced membrane, related to the RER. Thus, they seem to have developed in the RER cisternae from the proteins synthesized by the membrane-attached ribosomes of the RER.
Fairly recently, HUNG (1968) has demonstrated frequent occurrence of crystalloids in the plasma cells in human nasal polyps, and he classified them into three types: 1) needle-or spindle-shaped crystalloids which were closely wrapped in ergastoplasmic membrane; 2) polygonal, bounded by a distinct smooth membrane; and 3) rodshaped, without a distinct limiting membrane. Of these three types only the first polygonal type III crystalloid encased in a nearly smooth membrane sac, continuous with se eral rough-surfaced cisternae (RER). The crystalloid profile is composed of a less electron dense matrix substance and numerous cross sections of component tubules which are embedded in two sets of matrix layers cutting each other at an angle of about 70`. In addition, the third set of the matrix layers (arrows) devoid of the tubules which cross the first and second set of the matrix layers at different angles are seen.
Furthermore, many clear circular interstices (arrowheads) are visible running along the tubules and opening to the membrane sac.
x 120,000
gives evidence of being developed from RER-synthesized proteins, being encased in the ribosome-studded ergastoplasmic sac. In this respect, the first type of the plasma cell crystalloids revealed by HUNG (1968) agreed with the crystalloids found in the present study in the endothelial cell extension of the crab-eating monkey liver. The ultrastructure of the crystalloids are markedly deverged in Hung's as well as in the present cases. The spindle-shaped crystalloids of the human nasal polyp were, according to HUNG (1968), composed of cross-striated compact bundles of 250 A thick fibrils which were each wrapped in the same-shaped ergastoplasmic sac, while those of the monkey liver were composed of elementary tubules, disposed very orderly in parallel in matrix layers, which were oriented in a definite direction.
Crystalloids which most closely resemble those found in this study are those reported by J. F. KENT (personal communication to SlssoN and FAHRENSAcx,1967) in the rat plasma cell which, according to KENT, display a lattice-like array of tubules continuous with the RER. The second type crystalloids enclosed in the distinct smooth membrane sac, which were most frequently found by HUNG (1968) in human polyp plasma cells and which were considered to have been derived from the dense bodies (probably lysosomes) were completely missed in the present study together with the limiting membrane-devoid third type.
In the sinusoidal endothelial cells of the crab-eating monkey, as in other vertebrate species, the RER is only moderately developed and cisternae bound by rough-surfaced membranes are sparsely distributed in the perikaryonal cytoplasm, which spread partly over the cytoplasmic extension where the crystalloid were shown enclosed in the almost smooth-surfaced membrane sac in continuity with the rough surfaced cisternae.
It is unknown why the membrane sacs wrapping the crystalloids had been converted to smooth-surfaced as a consequence of detaching the ribosomes.
In this study, the crystalloids in the hepatic sinusoidal endothelium were classified into three types. In all types they were enclosed in a membrane sac which was nearly smooth-surfaced but continuous to the ribosome-studded RER cisternae. The type I crystalloids, which seem to represent the original or precursor forms, were composed merely of a compact bundle of component tubules oriented parallel to each other. In types II and III, a fine granular, electron lucent matrix substance occurred within the membrane sac and the component tubules were embedded in the definite two sets of the matrix layers to be separated from each other, thus displaying complex structures . The tubules are presumed to be a elaborated from a substance synthesized by the roughsurfaced cisterna of the RER, while the matrix substance seems to be later synthesized in neighboring RER ergastoplasmic cisternae and added to the crystalloid through their continuity to the crystalloid-wrapping membrane sac. Before the discovery of the fat-storing cell (Ito cell) in the Disse's space , WASSER-MANN (1958) advanced the view that the sinusoidal endothelial cell might be responsible for the intralobular reticular fiber formation (ITo,1973) . Nowaday, however , this view is not supported.
The question as to what kind of proteins may be synthesized for what purpose in the cisternae of the RER of the hepatic sinusoidal endothelium still remains obscure.
In the capillary endothelial cell of macaque monkey retina, IsHIKAwA (1963) also revealed crystal-like bodies. She showed that the bodies were variable in their internal structure probably due to the direction of sections; they were occasionally honeycomb or sieve-like in structure, resembling the type I crystalloid of the sinusoidal endothelium in the monkey liver. They also aggreed with the crystalloid of the monkey liver in their relation to the vesicular or tubuler components in the cytoplasm.
ISHI-KAWA considered these bodies as a kind of membrane structures and presumed the possibility that they might be photosensitive and could play a role in the contraction of retinal vessels.
The RER-associated crystalloids demonstrated in this study must reflect the active synthesis of those unknown proteins in the sinus endothelial cells, and further investigation of their structure and nature may hopefully serve in the elucidation of the products of the cells.
